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Objective: To examine late reintervention rates for aortic graft-related events and new aortoiliac disease after open
abdominal aortic aneurysm (AAA) repair in an Australian population.
Methods: Interrogation of a prospective computerized database identified 1256 consecutive patients (1058 men, 198
women; median age, 70 years; range, 40 to 97 years) who survived open repair of nonruptured (n  957, group I) and
ruptured (n  299, group II) infrarenal AAA in a single institution between January 1, 1982 and December 31, 2003.
Median (range) follow-up was 41 (1 to 261) months for group I and 30 (1 to 243) months for group II.
Results: In group I, 33 patients (3.4%) underwent 38 late reinterventions: 20 patients (2.1%) for aortic graft-related
events at a median (range) interval of 36 (1 to 94)months after the index AAA repair, with a 30-daymortality rate of 15%;
and 13 patients (1.4%) for new aortoiliac disease at a median (range) interval of 33 (3 to 207) months, with 30-day
mortality of 8%. In group II, 15 patients (5%) underwent 16 late reinterventions: 10 patients (3.3%) for aortic
graft-related events at a median (range) interval of 5 (2 to 112) months, with a 30-day mortality of 10%; and five patients
(1.7%) for new aortoiliac disease at a median (range) interval of 67 (39-105) months, with a 30-day mortality of 40%.
There was no significant difference in the late reintervention rate between the groups: group I, 33 (3.4%) of 957 vs group
II, 15 (5%) of 299 (P  .23). For all patients, the estimated survival at 1, 3, 5 and 10-years was 90%, 79.4%, 66.4%, and
31.6%, respectively; estimated survival free from reintervention at 1, 3, 5 and 10-years was 98.7%, 97.1%, 95.1%, and
91.9%, respectively.
Conclusions: These data demonstrate, for the first time, that open AAA repair has excellent long-term durability in an
Australian population and the results compare favorably with previous reports from North America and Europe. These
data represent an important benchmark for comparison of the results of endovascular AAA repair in this patient
population. (J Vasc Surg 2006;43:701-5.)With increasing inspection of the durability of endovas-
cular abdominal aortic aneurysm (AAA) repair,1-3 it is the
responsibility of the vascular surgical community to deter-
mine the durability of open AAA repair so that patients and
clinicians can be informed about the relative merits of each
treatment option. Several reports from North America and
Europe examine the incidence and outcome of reinterven-
tion for late aortic graft-related events after open AAA
repair.4-13 However, differences in patient demography,
health-care provision, indications for intervention, treat-
ment options, and changes in clinical practice over long
periods of time make it difficult to compare outcomes of
treatment in patients from different continents.14,15 To our
knowledge, no reports to date have examined the durability
of open AAA repair in an Australian population. This study
examines the incidence and early outcome of late reinter-
vention for aortic graft-related complications as well as
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METHODS
A prospective computerized vascular database was in-
terrogated to identify 1256 consecutive patients (1058
men, 198 women; median age, 70 years; range, 40 to 97
years) who survived open repair of nonruptured (n 957)
and ruptured (n  299) infrarenal AAA at the Royal
Adelaide Hospital (RAH) during the 22-year period be-
tween January 1, 1982 and December 31, 2003. The RAH
is the major referral center for vascular surgical emergencies
for South Australia (approximately 1.5 million people in a
catchment area of approximately 985,000 square km) and
adjacent areas in the states of Victoria, New South Wales,
and the Northern Territory.
Patients who underwent repair of a suprarenal or tho-
racoabdominal aortic aneurysm were excluded from analy-
sis. Retrieved from the database were the clinicopathologic
data of age and gender; initial AAA presentation (asymp-
tomatic, symptomatic nonruptured, ruptured); details of
the index procedure, including date of operation, graft
configuration (aortoaortic, aortoiliac, aortofemoral), and
material (Dacron or polytetrafluoroethylene, [PTFE]); de-
tails of reintervention for late graft-related events and new
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sentation, date of procedure, and 30-day mortality.
Patients were reviewed at approximately 6 weeks after
hospital discharge and were discharged from follow-up if
there was no evidence of complications. Routine vascular
imaging was not performed after the index AAA procedure.
Patient survival was determined by interrogation of the
database and contact with general medical practitioners.
Late reintervention was defined as further intervention
30 days from the index AAA repair and 30-day mortality
was defined as death 30 days of the first reintervention.
Graft-related events were defined as those occurring as a
direct consequence of prosthetic aortic replacement, and
consisted of graft thrombosis, false aneurysm formation,
graft infection, and graft-enteric erosion. Aortoiliac events
were defined as progressive aneurysmal degeneration or
arterial occlusive disease occurring in remote or contiguous
aortic and iliac arterial segments with no relationship to the
aortic prosthesis.
The two-tailed Fischer’s exact test was used for statis-
tical analysis. P  .05 was considered statistically signifi-
cant. Patient survival and survival free from late reinterven-
tion were estimated by the Kaplan-Meier method.
RESULTS
Nonruptured AAA. A total of 957 patients (800
men, 157 women; median age, 70 years; range, 40 to 88
years) who survived repair of an asymptomatic or acute
symptomatic nonruptured infrarenal AAA were followed
up for a median of 41 months (range, 1 to 261 months).
Details of the index procedure are listed in Table I. Thirty-
three patients (3.4%) underwent 38 vascular and endovas-
cular reinterventions for aortic graft-related events or new
aortoiliac disease. Reintervention was performed in four
(2.5%) of 157 women and 29 (3.6%) of 800men (P .64).
Graft-related complications occurred in 11 (2%) of 561
patients with a Dacron graft and in nine (2.3%) of 396
Table I. Operative details in 1256 patients who survived
open abdominal aortic aneurysm repair
Nonruptured
AAA (n  957)
Ruptured
AAA (n  299)
Graft configuration and
material
Aortoaortic
Dacron 340 138
PTFE 227 59
Aortoiliac
Dacron 177 53
PTFE 136 20
Aortofemoral
Dacron 44 19
PTFE 33 10
Renal artery bypass 7 1
Renal artery reimplantation 6 2
IMA reimplantation 1 1
AAA, Abdominal aortic aneurysm; PTFE, polytetrafluoroethylene; IMA,
inferior mesenteric artery.patients with a PTFE graft (P  .82).Twenty patients (2.1%) underwent secondary interven-
tion for late aortic graft-related complications at a median
interval of 36 months (range, 1 to 94 months) after the
index procedure, with an associated 30-day mortality rate
of 15% (Table II). Two of these patients (10%) had also
required reoperation during their index hospital admission
for AAA repair: One patient underwent re-exploration for
bleeding and subsequently presented with a graft-enteric
fistula at 15 months, and the other patient required throm-
bectomy of one limb of an aortobiiliac graft and subse-
quently presented with graft limb occlusion at 33 months.
Aortic graft infections were managed by total graft exci-
sion and in-situ aortobifemoral bypass (n  1), graft limb
excision and axillofemoral (n1) or femorofemoral crossover
bypass (n  1), and graft limb excision alone (n  1).
Graft-enteric fistula wasmanaged by total graft excision and in
situ aortofemoral bypass with femorofemoral crossover bypass
(n  1), and total graft excision and axillobifemoral bypass
(n 1). Two patients with an iliac anastomotic pseudoaneu-
rysmunderwent bypass from the iliac limb of the original graft
to the ipsilateral common femoral artery. Four femoral
anastomotic pseudoaneurysms were managed by direct re-
pair. Graft limb occlusion was managed by femorofemoral
crossover bypass (n 7), graft thrombectomy (n 2), and
axillofemoral bypass (n 1). One patient with an occluded
aortobiiliac graft underwent aortobifemoral bypass.
Thirteen (1.4%) patients underwent secondary inter-
vention for new aortoiliac disease at a median interval of 33
months (range, 3 to 207 months) after the index AAA
procedure, with an associated 30-day mortality rate of 8%
(Table III). Aortoiliac occlusive disease was managed by
femorofemoral crossover grafting (n  4) and iliac percu-
taneous angioplasty (n  1). One patient with a recurrent
infrarenal AAA underwent aortobifemoral bypass, and two
Table II. Mortality from reintervention for late aortic
graft-related events after open abdominal aortic aneurysm
repair
Number of
events
30-day
mortality
Nonruptured AAA (20 patients)
Aortic graft infection 4 1
Graft-enteric fistula 2 1
Iliac anastomotic pseudoaneurysm 2 0
Femoral anastomotic pseudoaneurysm 4 0
Occlusion of limb of bifurcated graft 10 1
Occlusion of aortobiiliac graft 1 0
Ruptured AAA (10 patients)
Aortic graft infection 2 0
Graft-enteric fistula 1 0
Infected distal aortic anastomotic
pseudoaneurysm 1 0
Ruptured proximal aortic anastomotic
pseudoaneurysm 1 1
Femoral anastomotic pseudo-aneurysm 4 0
Occlusion of aortobiiliac graft 2 0
AAA, Abdominal aortic aneurysm.with common iliac artery aneurysm were managed by aor-
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oral artery aneurysms (n  7) were managed by resection
and prosthetic graft repair.
Ruptured AAA. A total of 299 patients (258 men, 41
women; median age, 71 years; range, 49 to 97 years) who
survived repair of a ruptured infrarenal AAA were followed
up for a median of 30 months (range, 1 to 243 months).
Details of the index procedure are summarized n Table I.
Fifteen patients (5%) underwent 16 reinterventions during
the study period. Reintervention was performed in one
(2.4%) of 41 women and 14 (5.4%) of 258 men (P  .7).
Graft-related complications occurred in eight (3.8%) of 210
patients with a Dacron graft and in two (2.2%) of 89
patients with a PTFE graft (P  .73). The reintervention
rate of 15 (5%) of 299 patients was not significantly differ-
ent from the rate after nonruptured AAA repair of 33
(3.4%) of 957 patients (P  .23).
Ten patients (3.3%) underwent secondary intervention
for late aortic graft-related complications at a median inter-
val of 5 months (range, 2 to 112 months) after the index
procedure, with an associated 30-day mortality rate of 10%
(Table II). Two of these patients (20%) had also required
early re-exploration for removal of intra-abdominal packs
inserted for uncontrollable bleeding during ruptured AAA
repair: One patient subsequently presented with an aortic
graft infection at 6 months, and the other presented with a
symptomatic infected distal aortic para-anastomotic pseu-
doaneurysm at 39 months.
Aortic graft infections were managed by total graft
excision and in situ femoropopliteal vein grafting (n  1),
and total graft excision and axillobifemoral bypass (n 1).
One patient with a graft-enteric fistula underwent total
graft excision and in situ aortoaortic grafting. One patient
with an infected distal aortic anastomotic pseudoaneurysm
and another with a ruptured proximal aortic anastomotic
pseudoaneurysm underwent total graft excision and in situ
aortobiiliac bypass. Femoral anastomotic pseudoaneurysms
Table III. Mortality from reintervention for new, late
aortoiliac disease after open abdominal aortic aneurysm
repair
Number
of events
30-day
mortality
Non-ruptured AAA (13 patients)
Iliac occlusive disease 5 1
Infrarenal AAA 1 0
Common iliac aneurysm 2 0
Common femoral aneurysm 7 0
Ruptured AAA (5 patients)
Ruptured extent IV TAAA 1 0
Ruptured thoracic aortic aneurysm 1 1
Symptomatic nonruptured suprarenal
AAA 1 1
Common iliac aneurysm 1 0
Ruptured internal iliac artery aneurysm 1 0
AAA, Abdominal aortic aneurysm; TAAA, thoracoabdominal aortic
aneurysm.were managed by direct repair (n  1), ligation and femo-rofemoral crossover (n  1) or iliofemoral bypass (n  1),
and ligation alone in a patient with an ipsilateral above-knee
amputation. Two patients with an occluded aortobiiliac
graft underwent aortobifemoral bypass.
Five patients (1.7%) underwent secondary intervention
for new aortoiliac disease at a median interval of 67 months
(range, 39 to 105 months) after the index AAA procedure,
with an associated 30-day mortality rate of 40% (Table III).
One of these patients had also had early re-exploration for
removal of intra-abdominal packs inserted during a rup-
tured AAA repair and presented with a symptomatic non-
ruptured suprarenal AAA at 56 months. Three patients
with new aortic aneurysms underwent open surgical repair.
One patient with a common iliac artery aneurysm under-
went ligation and femorofemoral crossover bypass, and one
patient with a ruptured internal iliac artery aneurysm un-
derwent ligation alone.
The reintervention rates for patients who underwent
AAA repair between 1982-1992 and 1993-2003 are com-
pared in Table IV. For all 1256 patients, estimated survival
at 1, 3, 5, and 10 years was 90%, 79.4%, 66.4%, and 31.6%,
respectively (Fig 1), and estimated survival free from rein-
Table IV. Reintervention rates for patients operated on
between 1982 and 1992 and 1993 and 2003
Reintervention rate (%) in relation to
year of operation
1982-1992 1993-2003 P*
Nonruptured AAA
repair
23/500 (4.6)
at median
75 months
10/457 (2.2)
at median
21 months
.05
Ruptured AAA
repair
10/162 (6.2)
at median
59 months
5/137 (3.6)
at median
5 months
.43
AAA, Abdominal aortic aneurysm.
*Two-tailed Fischer’s exact test.
Survival (%)
Years
015
75
50
25
100
1256
183
506
66.4%
31.6%
Fig 1. Kaplan-Meier estimates of survival in 1256 patients. The
numbers of patients at risk at 5 and 10 years are shown.tervention for aortic graft-related events or new aortoiliac
JOURNAL OF VASCULAR SURGERY
April 2006704 Adam, Fitridge, and Raptisdisease at 1, 3, 5, and 10-years was 98.7%, 97.1%, 95.1%,
and 91.9%, respectively (Fig 2).
DISCUSSION
To our knowledge, the present study is the first to
report the incidence and 30-day mortality rates associated
with late reintervention for aortic graft-related complica-
tions and new aortoiliac disease after open surgical repair of
infrarenal AAA in an Australian population. Forty-eight
(3.8%) of 1256 patients underwent 54 vascular and endo-
vascular reinterventions with an associated 30-day mortal-
ity rate of 15%. There was no significant difference in
reintervention rates in relation to gender, graft material
(Dacron or PTFE) or initial AAA presentation (nonrup-
tured or ruptured AAA). The estimated 5-year and 10-year
patient survival rates were 66% and 32%, and the estimated
5-year and 10-year survival rates free from reintervention
were 95% and 92%. For those patients operated on between
1982 and 1992, 5% underwent reintervention (2.4% for
aortic graft-related complications) at a median follow-up of
6 years.
These data demonstrate that open AAA repair has
excellent long-term durability in our population, and fur-
thermore, the results compare favorably with previous re-
ports from North America and Europe. The Mayo Clinic
reported reintervention rates for late aortic graft-related
events alone of 5.1% to 5.3% at a median follow-up of 5.8 to
7 years, with an associated operative mortality rate of 17%
to 19%,10,11 Biancari et al13 from Finland reported a rein-
tervention rate of 10.6% at median follow-up of 8 years,
with an associated operative mortality rate of 9%. The
estimated 5-year survival free from reintervention was
91.5%.
Graft occlusion and anastomotic pseudoaneurysmwere
the most frequent graft-related indications for reinterven-
tion and were associated with a 30-day mortality rate of
8% (2 of 24 complications), with one of these deaths
occurring after emergent repair of a ruptured proximal
Years
 01 5
75 
50 
25 
100 
1256 
183 
506 
95.1% 
91.9% 
Fig 2. Kaplan-Meier estimates of survival free from late reinter-
vention in 1256 patients. The numbers of patients at risk at 5 and
10 years are shown.para-anastomotic aortic pseudoaneurysm. In keepingwith previous studies, aortic graft infection and graft-
enteric fistula occurred infrequently,5,6,10,11,13 and in
the present study, the associated 30-day mortality rate
was an acceptable 20% (2 of 10 complications).
The present study also determined the late reinterven-
tion rate for new aortoiliac aneurysmal or occlusive disease.
These complications are as equally relevant to the durability
of endovascular AAA repair as they are to open repair.
Although all of the patients originally operated on for
nonruptured AAA underwent elective reintervention for
occlusive or aneurysmal disease, those originally operated
on for rupture only underwent reintervention for aneu-
rysmal disease, usually as an emergency and with poor
outcome.
The study aim was to determine reintervention rates
for—not the incidence of—graft-related events and new
aortoiliac disease after open AAA repair. To determine the
incidence of symptomatic and asymptomatic graft-related
complications and new aortoiliac events would have re-
quired a surveillance program similar to that currently rec-
ommended after endovascular AAA repair. Aortic computed
tomographic angiography is included in the follow-up proto-
col for patients randomized to open AAA repair in the Endo-
vascular Aneurysm Repair trial 1 (EVAR trial 1),1 and it is
anticipated that further reports from this trial will deter-
mine the true incidence of late graft-related events and new
aortoiliac disease after open AAA repair.
The relative benefits of open and endovascular repair of
primary AAA continue to be debated, but there seems to be
little doubt that endovascular techniques have much to
offer the patient with a recurrent aortoiliac aneurysm or
pseudoaneurysm in terms of reduced morbidity and mor-
tality16,17 compared with repeat aortic surgery.7,8 In our
practice, a physiologically fit patient with an asymptomatic
aortic aneurysm 50 mm or an iliac aneurysm 40 mm in
maximum diameter would be offered intervention. Al-
though hybrid open-endovascular approaches may have an
increasing role in the management of graft occlusion and
endovascular techniques may provide a bridge to surgery in
patients with graft-enteric fistula, open surgery will likely
remain the definitive treatment for patients with aortic graft
infection, graft-enteric fistula and femoral anastomotic
pseudoaneurysm.
In the present study, the reintervention rate was ap-
proximately 1% per year, and in all but 8% of patients (all
with iliac aneurysms), reintervention was for symptomatic
complications. The increased morbidity and mortality as-
sociated with secondary intervention compared with pri-
mary intervention may make the routine treatment of
asymptomatic complications difficult to justify in these
elderly patients. The EVAR trial 1 mid-term results1 sug-
gest that long-term surveillance after open AAA repair is
not necessary, and the results of the present study support
this contention.
Completeness of patient follow-up is an inherent limi-
tation in a retrospective study of a large number of patients
referred from within a large geographic catchment area
over a long time period. Three public hospitals in Adelaide
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tion of three distinct geographic catchment areas within the
state of South Australia. As is the case in the United
Kingdom, these institutions have no incentives to manage
patients who have developed complications after treatment
within another institution. Consequently, general medical
practitioners and vascular surgeons alike refer patients with
complications back to the institution where they were
originally treated. This referral mechanism works extremely
well, but it is conceivable that a very small number of
patients who originally underwent open AAA repair at
RAHmay have been treated in one of the other two public
hospitals, without our knowledge, during the study period.
This would not, however, represent a sufficiently large
number of patients to detract from the low reintervention
rate demonstrated in this study.
CONCLUSION
The present study demonstrates, for the first time, that
open AAA repair has excellent long-term durability in an
Australian population. These data represent an important
benchmark for comparison of the results of endovascular
AAA repair in this patient population.
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2005;42:997-1001.Submitted Sep 8, 2005; accepted Dec 5, 2005.INVITED COMMENTARYA. Ross Naylor, MD, FRCS, Leicester, United Kingd
The authors concede that although this was not a study on the
incidence of complications following successful abdominal aortic
aneurysm (AAA) surgery, they do (fundamentally) require us to
accept that should a clinically important complication occur during
follow-up, the patient would always be sent back to the Royal
Adelaide Hospital for treatment. For some, this may be a major
limitation (regarding meaningful interpretation of the data), but
this reviewer was inclined to subscribe to the geographic/political
rationale provided by the authors in their defence of this method-for in this series, but in the real world of relatively enclosed commu-
nities, vascular units do tend to take back their own “dirty laundry.”
The principle results fromAdelaide are impressive. Irrespective of
gender, graft type, graft location, and (most surprisingly) mode of
presentation,4% of their patients required a secondary intervention
for graft-related complications or aortoiliac disease during follow-up.
The fact that patients operated upon between 1982 and 1992 had
higher rates of reintervention almost certainly reflects the longer
period of follow-up during which a patient could develop a problem
rather than such things as changes in surgical technique.
